Introduction
There are specific problems associated with airway management in patients with severe maxillofacial trauma. In maxillofacial trauma cases, intermaxillary fixation is needed intraoperatively for correct reduction. Therefore, mandibular fracture patients are almost all managed with nasotracheal intubation. However, in patients with midfacial fractures, nasotracheal intubation may interfere with surgical reconstruction of fractures. Tracheotomy is considered the treatment of choice for patients with severe maxillofacial injuries. On the other hand, tracheotomy is associated with various complications (1-7).
Altemir first described submental tracheal intubation as an alternative to nasotracheal intubation and tracheotomy (8) . This technique avoids the potential complications associated with tracheostomy and the difficulty of nasal intubation during intubation and surgery. The purpose of this retrospective study was to evaluate the efficacy and complications of this technique compared with tracheostomy.
Materials and Methods
From November 2001 to October 2013, 269 patients underwent surgery under general anesthesia for maxillofacial trauma at Fukuoka University Hospital. Of these, 25 patients underwent submental tracheal intubation, and 10 underwent tracheostomy. Another 234 patients were intubated nasally. All patients had maxillofacial fractures and required a period of intraoperative intermaxillary fixation.
All cases were under the care of one oral surgeon (T.K.). Hospital records of patients having maxillofacial trauma were reviewed retrospectively. The research protocol was approved by the Ethical Committee of Fukuoka University Hospital (16-1-23) .
Submental tracheal intubation technique
After oral endotracheal intubation by standard direct laryngoscopy, temporary draping of the mouth and face was performed. A 2-cm-long incision was made medial to the inferior border of the mandible in the submental region. A curved forceps was pushed through the platysma and mylohyoid muscles, as closely as possible to the lingual surface of the mandible to avoid damaging the sublingual gland, submandibular duct, and lingual nerve. The mucosal layer in the floor of the mouth was incised over the distal end of the forceps, located anterolateral to the submandibular duct and orifice (Fig. 1A) . We have slightly modified the technique in order to check whether there is interference to the tunnel. A silicone tube (outer diameter: 12 mm) slightly larger than the endotracheal tube was pulled through the submental tunnel into the oral cavity by grasping it with the forceps (Fig.  1B) . After confirming the smooth insertion of the silicone tube, the tube was removed. The universal connector was removed, and the pilot tube cuff was grasped by the forceps and pulled through the passage in the floor of the mouth. The tip of the forceps was then quickly re-inserted through the submental incision to grasp the end of the endotracheal tube (Fig. 1C ). The endotracheal tube was then reconnected to the anesthetic tubing. A stay suture was placed through tape positioned around the endotracheal tube using 2.0 silk to minimize perioperative movement (Fig. 1D) . At the end of the procedure, the stay suture was removed, and both the endotracheal tube and the pilot tube cuff were reversed intraorally. The skin wound was sutured, while the intraoral wound was left to heal secondarily.
Results
Twenty-five patients (18 men and 7 women; age range 17 to 69 years) underwent submental tracheal intubation, and 10 patients (9 men and 1 woman; age range 7 to 63 years) underwent tracheostomy. All patients required intensive care unit (ICU) treatment. The patients had a Glasgow Coma Scale (GCS) score ranging from 3-15/15 when first seen at our hospital. The most frequent etiology of the trauma was traffic accidents in both groups. These patients were neurologically cleared on the day of maxillofacial surgery.
In the submental tracheal intubation group, the patients did not require ventilation support in the ICU. Twentytwo (88%) of the 25 cases had minor or moderate head injury (GCS: 8-15). The average total duration from oral endotracheal intubation to submental tracheal intubation was 36.9 min (SD: 18.7 min). No severe perioperative or long-term complications were noted. In particular, there was no tube obstruction, no postoperative hemorrhage, and no salivary gland or lingual nerve injury. Intra-and postoperative complications were seen in three patients. In one case, the tube was accidentally dislodged into the right main bronchus during submental tracheal intubation. Two patients developed skin infections ( Table 1) . None of the patients developed hypertrophic scar or keloid formation. Submental scarring was undetectable in all cases except for one patient with slight scarring. In this case, because spinal leakage was found intraoperatively, the submental tracheal tube was removed 2 days after surgery. Furthermore, a skin infection developed. There were no postoperative esthetic complaints. Twenty-four patients were extubated at the end of the procedure after switching the tracheal tube from the submental to the oral route. No patients required a tracheostomy (Fig. 2) .
In the tracheostomy group, all patients underwent urgent or elective tracheostomy in the ICU. Four (40%) of the 10 patients had severe head injury (GCS: 3-6).
Urgent tracheostomy was performed in seven patients with decreased level of consciousness or with an airway jeopardized by severe bleeding at the oral cavity. Elective tracheostomy was performed in 3 patients who were already intubated and who were undergoing a tracheostomy for prolonged intubation. The average procedure time was 35.2 min (SD: 6.0 min). Complications were observed in four cases. One patient presented with subcutaneous emphysema. In two cases, there was granulation formation, and in one case, there was hemorrhage (Table 2) . Additionally, in all 10 cases, the cutaneous scar resulted in cosmetic damage. The average required postoperative intubation duration for patients was 7.3 days (SD: 5.7 days). 
Discussion
Patients with extensive craniomaxillofacial and multisystem trauma usually require long-term ventilation support for neurological and pulmonary reasons. Early tracheostomy is performed on these patients in the ICU. On the other hand, patients with minimal or no neurological deficit do not require early tracheostomy; therefore, these patients require airway management only in the operating room for maxillofacial surgery. Intermaxillary fixation is needed intraoperatively for adequate reduction of maxillofacial fractures. Therefore, in most maxillofacial trauma cases, the airway is secured by nasotracheal intubation. However, nasotracheal intubation sometimes interferes with the surgical approach (9) .
Furthermore, nasotracheal intubation after maxillofacial trauma can result in the passage of the tracheal tube into the cranium with consequent brain damage (10) (11) (12) .
Although this is a very rare complication, it is dreaded by anesthesiologists (13, 14) . Therefore, nasotracheal intubation is not always feasible in cases of craniofacial trauma, especially when a nasal pyramid or anterior skull base fracture is involved, and when intra-operative control of occlusion is necessary.
On the other hand, tracheostomy is a traditional method for airway control in such cases. Despite being one of the most common surgical procedures, tracheostomy may lead to various complications, such as hemorrhage, surgical emphysema, tube blockage, tracheal stenosis, and poor scar appearance (1,2,4,6,7 ). Tracheostomy has a complication rate of 14 to 45 (3, 5) .
Submental tracheal intubation was first described by Altemir in 1986 (8) Table 1, continuation relatively rare (15, 16) . Reported complications include accidental extubation (17, 18) , detachment of the pilot balloon (19) or its damage during externalization (20) , damage to the cuff of the tracheal tube (15), skin infection (15, 21) , scar formation (22), tube dislodgement (17), lingual nerve paresthesia, venous bleeding (23), salivary fistula (21, 24) , and mucocele formation (25) . In the present study, minor complications included dislodgement, skin infection, and scar formation. Satisfactory functional and esthetic treatment outcomes are clinically important for patients with maxillofacial trauma. Scar formation after submental tracheal intubation is by far less visible than the scar after a tracheostomy. The previously reported serious complications associated with this technique included accidental extubation (17, 18) or difficulty with the pilot balloon (19) or the cuff of the tracheal tube (15) when the tube was being pulled through the submental incision. With this technique, difficulty in withdrawing the tube through the submental tunnel for any reason could result in prolonged apnea time. We used a minor modification of this technique to minimize the risk of apnea and prevent injury to soft tissue during externalization of the endotracheal tube. A silicone tube slightly larger than the endotracheal tube was tested to determine whether it could be pulled through smoothly. In the present study, no complications were observed during externalization of the endotracheal tube.
The disadvantage of this technique is that the total duration of the intubation procedure was longer than for nasotracheal intubation. In the present study, the average duration from oral endotracheal intubation to submental tracheal intubation including temporary draping was 36.9 min. However, there was no significant difference in the average time between this technique and tracheostomy. Furthermore, it was previously reported that the mean required time for submandibular intubation not including oral endotracheal intubation and draping was 9.9 min (range 4 to 30 min) (26) .
The contraindications of this technique include the likelihood that patients will require a long period of assisted ventilation, that is, multiple trauma patients presenting with severe neurological damage, patients with major thoracic trauma, patients for whom repeated operations could be anticipated, or patients with severe traumatic wounds on the floor of the mouth. In these cases, tracheostomy should be the standard procedure. In the present study, urgent tracheostomy was performed in patients with severe bleeding at the oral cavity. In other cases, such as severe neurological damage or pulmonary contusion, oral endotracheal intubation was performed first, and then elective tracheostomy was performed for prolonged intubation.
Submental tracheal intubation avoids the complications associated with tracheostomy and the difficulty of nasal intubation during intubation and surgery. Therefore, submental tracheal intubation is useful in the intraoperative management of patients with complex maxillofacial trauma.
